125 GeV Higgs from a not so light Technicolor Scalar 
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Assuming that the observed Higgs-like resonance at the Large Hadron Collider is a 
technicolor isosinglet scalar (the technicolor Higgs), we argue that the standard model top- 
induced radiative corrections reduce its dynamical mass towards the desired experimental 
value. 

We then discuss conditions for the spectrum of technicolor theories to feature a technicolor 
Higgs with the phenomenologically required dynamical mass. We use scaling laws coming 
from modifying the technicolor matter representation, number of technicolors, techniflavors 
as well as the number of doublets gauged under the electroweak theory. Finally we briefly 
summarize the potential effects of walking dynamics on the technicolor Higgs. 
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I. INTRODUCTION 

Recently the ATLAS and CMS collaborations have announced the discovery of a new boson 
with the approximate mass of 125 GeV [1, 2]. The observed decays to standard model (SM) di- 
boson pairs, yy, ZZ* and WW*, are in rough agreement with those expected from the SM Higgs. 
Here we will assume this state is a scalar as suggested by the observed decays into ZZ* and 
WW* [3-5]. 

If new strong dynamics similar to technicolor (TC) [6-8] underlies the Higgs mechanism a 
pressing question is: What makes this scalar light compared to the natural scale of the electroweak 
theory A ~ Anv with v 246 GeV ? 

To answer this question we must disentangle the SM radiative corrections from the dynamical 
mass M9r, i.e. the mass stemming purely from composite dynamics. We will argue that the 
dynamical mass of the scalar required to match the observations is of the order of 600 GeV, which 
is substantially heavier than the observed value. This estimate assumes that A is the natural cutoff 
for the radiative corrections and that the scalar coupling to the top quark is similar to that of 
the SM Higgs. This is a significant increase in the value of the dynamical mass compared to the 
observed 125 GeV, often naively identified with the dynamical mass. In minimal TC models [9, 10] 
the compositeness scale is A. 

Additionally, if the dominant decay channels are into SM states, then for a physical mass of 
125 GeV the TC Higgs will be narrow simply because of kinematics. A similar example in strong 
dynamics is the /o(980), which is extremely narrow because the decay mode into KK is below 
threshold [11]. 

We first analyze the SM radiative corrections to the TC Higgs mass. We then discuss the scaling 
of the TC Higgs dynamical mass as a function of the number of techniflavors NjF/ technicolors 
NjQf as we U as the representation Rjc with respect to the TC gauge group. As reference theory 
we use 2-flavor QCD leading, which leads to a dynamical mass in the 1.0 TeV < M° H < 1.4 TeV 
range, before changing the geometry of the TC gauge theory. For example, we shall see that a TC 
Higgs becomes lighter as d(Rjc) and/or Nj ¥ grow. 

A second source of reduction of the TC Higgs dynamical mass may come from walking dy- 
namics [12]. The latter is useful to alleviate the tension with respect to the flavor changing neutral 
current problem and to reduce the value of the S-parameter [13, 14]. However, the S-parameter is 
not expected to vanish in conformal field theories [15-17] and the most recent study of precision 
data including a TC Higgs at the effective Lagrangian level appeared in [18]. In the literature such 
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a light TC Higgs is also known as techni-dilaton [19-22]. 

The paper is organized as follows: In Sec. II we set up an effective Lagrangian including the TC 
Higgs, the SM particles, and their interactions. We then compute the corrections to the squared 
TC Higgs mass. In Sec. Ill we analyze the scaling of the dynamical TC Higgs mass as a function of 
cf(Kxc) an d NjF/ and show - taking into account the SM radiative corrections - which TC theories 
can give a physical TC Higgs mass of 125 GeV. We then turn to the possibility of further reductions 
of the dynamical mass from walking dynamics. We argue that walking TC can accommodate a 
125 GeV Higgs even for small values of d(Rjc) and number of technidoublets. Finally in Sec. IV 
we offer our conclusions. 



II. RADIATIVE CORRECTIONS TO THE MASS OF THE TC HIGGS 



We consider TC theories featuring at scales below the mass of the technirho M p only the eaten 
Goldstone bosons and the TC Higgs (H). We assume the TC dynamics to respect the SU(2) C 
custodial isospin symmetry, and adopt a nonlinear realization for the composite states. The latter 
are thus classified according to linear multiplets of SU(2) C : the electroweak Goldstone bosons if , 
with a = 1,2,3, form an SU(2) C triplet, whereas the TC Higgs is an SU(2) C singlet. The elementary 
SM fields are as linear multiplets of the electroweak group. The Yukawa interactions of the TC 
Higgs with SM fermions are induced by interactions beyond the TC theory itself, e.g. by extended 
TC (ETC) interactions [7, 8]. 

Assuming that the only non-negligible sources of custodial isospin violation are due to the 
Yukawa interactions, and retaining only the leading order terms in a momentum expansions, 
leads to the effective Lagrangian 

- m t (l + 



cj L U\- + r\q R + h.c. 



-mJl + —H 
\ v 



+ h.c. 



+ 



AS W a LIV B^ v Tr T UT 3 U f + O I „ 



(1) 



where Xgjyf is the SM Lagrangian without Higgs and Yukawa sectors, the ellipses denote Yukawa 
interactions for SM fermions other than the top-bottom doublet q = (t,b), and 0(1 /M p ) includes 
higher-dimensional operators, which are suppressed by powers of 1/M p . In this Lagrangian v - 
246 GeV is the electroweak vev, U is the usual exponential map of the Goldstone bosons produced 
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FIG. 1: Quadratically divergent diagrams contributing to the Higgs mass, with the interaction vertices 
given by (2). The gauge boson exchanges are computed in Landau gauge: then the seagull diagrams, 
with a single W and Z exchange, are the only quadratically divergent one-loop diagrams with gauge 
boson exchanges. 

by the breaking of the electroweak symmetry, U - exp (in a T a /vj, with covariant derivative D^U — 
dpU - igW« t T a U + ig'UB^T 3 , 2T a are the Pauli matrices, with a = 1,2,3, and V[H] is the TC Higgs 
potential. AS is the contribution to the S parameter from the physics at the cutoff scale, and is 
assumed to vanish in the M p — > oo limit. The interactions contributing to the Higgs self-energy 
are 

V p V V 

2 2 

+ H W+ + H Z„ Zf . (2) 

The tree-level SM is recovered for 

r n = s„ = r t = r b = 1 . (3) 

We divide the radiative corrections to the TC Higgs mass into two classes: external contributions, 
corresponding to loop corrections involving elementary SM fields, and TC contributions, corre- 
sponding to loop corrections involving TC composites only. The latter contribute to the dynamical 
mass M° H , whose size will be estimated in the next section by non-perturbative analysis. In order 
to isolate the SM contributions we work in Landau gauge. Here transversely polarized gauge 
boson propagators correspond to elementary fields, and massless Goldstone boson propagators 
correspond to TC composites. The only SM contributions to the TC Higgs mass which are quadrat- 
ically divergent in the cutoff come from the diagrams of Fig. 1. Retaining only the quadratically 
divergent terms leads to a physical mass Mh given by 

+ A M 2 (4mcFn) , (4) 

H 

where A M 2 (AtckFu) is the scale-dependent counterterm and k is a order unity number. To be able 
to provide a physical estimate we assume that the counterterm is negligible at the scale AtckFu, 



M Z H = (M° H ) 2 + 



3(47iKF n ) 2 
16n 2 v 2 



-4r 2 m 2 + 2s„ m 2 w + 



m 



2 \ 
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where Fn is the TC pion decay constant and x scales like 1 / y/d(Rjc) if the cutoff is identified 
with the technirho mass, or is a constant if the cutoff is of the order of 47iFn- Provided r t is also 
of order one, the dominant radiative correction is due to the top quark. For instance, if Fn = v, 
which is appropriate for a TC theory with one weak technidoublet, then SM 2 , ~ —12K 2 r 2 m 2 ~ 
-K 2 r 2 (600 GeV) 2 . This demonstrates that the dynamical mass of the TC Higgs can be substantially 
heavier than the physical mass, Mr -125 GeV. 



III. THE DYNAMICAL MASS OF THE TC HIGGS 



In QCD the lightest scalar is the a meson (also termed /o(500) in PDG), with a measured mass 
between 400 and 550 MeV [23] in agreement with early determinations [11]. Scaling up two-flavor 
QCD yields a TC Higgs dynamical mass in the 1.0 TeV < M Q H < 1.4 TeV range. This estimate 
changes when considering TC theories which are not an exact replica of two-flavor QCD. Here we 
determine the geometric scaling of the TC Higgs dynamical mass, i.e. the value of as function of 
the TC matter representation d(Rjc), Njq an d the number of techniflavors Njf for a given SU(Ntc) 
gauge theory. For a generalization to different gauge groups see [24, 25]. We then discuss possible 
effects of walking dynamics on M° , which are not automatically included in the geometric scaling. 
Taking into account the SM induced radiative corrections discussed in Sec. II, we argue that TC can 
accommodate a TC Higgs with a physical mass of 125 GeV, with or without effects from walking. 



A. Geometric Scaling of the TC Higgs mass 

We will consider at most two-index representations for TC matter, since at large Njq even 
higher representations loose quickly asymptotic freedom [26]. The relevant scaling rules are: 

F n ~ d(R TC ) m\ c , v 2 — Njd F n , (5) 

where Fn is the technipion decay constant, mjc is the dynamically generated constituent techni- 
quark mass, and Ntd = N^ F /2, where Nj F is the actual number of techniflavors arranged in weak 
doublets and therefore Nj F < Njf- v — 246 GeV is the electroweak vacuum expectation value and 
will be kept fix in the following. 

The squared mass of any large Ntc leading technimeson scales like: 
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SU(N TC ) Rep. 


d(R TC ) 


N TD (M^) 2 
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N TC (Nj C - 1) 


2 n 
TT 3 , 
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— JIX 
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JV T c(Ntc + 1) 


z; 2 3 2 
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— tn 

fl Ntc(N tc + l)/2 17 



TABLE I: Scaling formulae for obtained by scaling up the mass of the QCD a meson. The general 
formula is given in (6), and here is applied to the F representation, with p = 0, the A representation, and 
the S representation. 



The leading states for the fundamental (F) representation are fermion-antifermion pairs and in the 
case of the two-index representations are mesons containing any number of fermions [9, 27]. The 
normalization to three colors QCD can also be assumed for the two-index representations since 
the two-index antisymmetric (A) for three colors is exactly QCD and the two-index symmetric (S) 
at infinite number of TC colors cannot be distinguished from the antisymmetric one. 

The mesonic states which are not leading at large Njq Ior the fundamental representation will 
decouple from the leading ones. Their scaling is 



(M° H ) 2 = 



Njcf 3 1 v 2 2 



3 J N TC N td fl 



- 2 <, (7) 



with p > [9, 27]. Applying these general results to the F and the A representation gives the 
scaling formulae summarized in Tab. I. 

The geometric scaling above can be compared to the dynamical mass of the TC Higgs required 
to fit the experiments once the electroweak corrections have been subtracted. Using (4) gives 



Ntd (M° h ) 2 = N TD M 2 h + 12 x 2 r 2 m 2 - 6 K 2 s n 



' m 2 
2 , z 



K+-f\. (8) 



The top contribution dominates for 0(1) values of Ntd and xr t . With this assumption the contri- 
bution of the gauge bosons can be neglected. Using (6) we estimate xr t , up to corrections due to 
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the weak gauge boson exchange, to be 





(9) 



For the case in which k is taken to scale like it/ ^d(Rjc) we get 




A _ Ntd d(Rjc) 
B B 



(10) 



For example, choosing Ntd = 1 and the S representation with Njc - 3 we have that d(Ric) = 6 
and therefore using (9,10) we get xr t 1.5 (jcr f 3.8). 

In figure 2 we plot the required dynamical mass VNtdM^ to fit the observed resonance value for 
different values of xr t . Since the dependence on Ntd is small we will show only the case of Ntd = 1 
and neglect, by setting s„ = 0, the weak gauge boson corrections. We choose xr t - (dashed 
curve), xr t = 1 (solid curve), and xr t = 1.5 (dotted curve). The estimates of Tab. I are shown as the 
colored bands in the same figure, with the lower (upper) edges of the bands corresponding to the 
experimental lower (upper) bound on the QCD m a . The horizontal band is for the F representation 
and p = 1, the blue (middle) band for the A representation, and the red (lower) band for the S 
representation. From Fig. 2 we observe that if we do take the external radiative corrections into 
account, and set xr t = 1 (xr t = 1.5), then the geometric TC scaling can accommodate a 125 GeV 
Higgs. This occurs where the bands overlap with the middle solid (upper dotted) horizontal line. 
This requires 5 < N TC < 6 (2 < N TC < 4) for the S representation, and 7 < N TC < 10 (4 < N TC < 6) 
for the A representation. On the other hand, If we do not take the external radiative corrections 
into account, a TC theory with geometric scaling can only accommodate a 125 GeV Higgs where 
the bands overlap with the lower dashed horizontal line, requiring large values of Ntc ^ 20 for 
the S and A representation. 

We conclude that radiative SM corrections cannot be neglected when discussing extensions 
of the SM featuring TC Higgs states, or any other extension similar to TC. Furthermore these 
corrections tend to reduce the physical mass allowing for more natural values of the underlying 
dynamical mass of the TC isosinglet scalar. 



B. Walking effects on the TC Higgs mass 



In models with walking dynamics the above scalings are expected to overestimate the mass of 
the TC Higgs. In fact, as Ntc and/or Ntd take on different values, gauge dynamics is expected 
to change. For a given TC gauge group and a given representation for the technifermions, there 
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FIG. 2: Estimates of the dynamical TC Higgs mass MjL The bands are constructed using the geometric 
scaling of Tab. I, with gray, blue, and red band for F, A, and S representation, respectively. In each band 
the lower (upper) curve corresponds to the experimental lower (upper) bound on m a . The dashed, 
solid, and dotted curves show the required dynamical TC Higgs mass to achieve a 125 GeV Higgs, 
using (8) for N T d = 1, s n = 0, and xr t = 0, xr t = 1, and xr t = 1.5, respectively. 

exists a critical number of Dirac techniflavors, N TF , such that for Ntf < N JF chiral symmetry is 
broken, whereas for Ntf > N TF chiral symmetry is restored. For Ntf slightly above N TF , the gauge 
theory develops an infrared fixed point. Gauge dynamics becomes conformal at low energies, 
and the coupling never reaches the critical value for chiral symmetry breaking. For Ntf slightly 
below Njj., the TC force does break chiral symmetry, but may feel the presence of the nearby fixed 
point. In this case the theory becomes walking in a range of energies above the chiral symmetry 
breaking scale. Assuming a continuous phase transition, as Ntf approaches N TF from below, the 
technihadron masses and decay constants approach zero It is reasonable to assume that for 
walking theories when Ntf is very close to N TF one has [21] 



1 There is still the possibility that the phase transition is of jumping type [28, 29], meaning the transition is not continuous 
and therefore no massive state becomes light when approaching the conformal boundary. Jumping conformal phase 
transitions have been identified in [30]. It is relevant to mention that the first four-dimensional continuous conformal 
phase transition a la Miransky [31-33] as function of the number of flavors of the theory has been discovered in [34]. 
For interesting lower dimensional models displaying Miransky scaling investigated on the lattice we refer to [35, 36]. 



(M° h ) 2 MN tf -N T f) v « 




(11) 



d(R TC ) ' 
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where v H depends on the specific underlying theory. Using the second of (5) to relate Fn to v one 
deduces 

N TD (M° h ) 2 (Nj F - N TF r« • (12) 

Therefore, if v H > the Higgs becomes lighter relative to v = 246 GeV as Njf gets closer to N£ F . 

Different model computations have been used to argue whether the ratio Ntd(M^ ) 2 /v 2 becomes 
smaller as Njf — * Nj F These include the technidilaton [19, 21, 22], truncated Schwinger-Dyson 
equations [14, 37-44], and computations in orientifold-like theories [45, 46]. Perturbative de- 
terminations of the conformal window have also shown to lead to a calculable dilaton state 
parametrically lighter than the other states in the theory [30, 47, 48]. 

Albeit these reductions from walking dynamics are welcome, Fig. 2 shows that one does not 
need a large suppression of the TC Higgs (dilaton) mass from walking dynamics when the SM 
radiative corrections are taken into account. 



IV. CONCLUSIONS 

We have argued that the observed Higgs mass at the LHC can be interpreted as a TC Higgs 
with a TeV scale dynamical mass. This is so since the SM top-induced radiative corrections reduce 
the TC Higgs dynamical mass towards the observed value. We used the phenomenologically 
motivated assumption that the TC Higgs coupling to the top quark is close to the SM value. In 
this scenario the next non-Goldstone mesons to be discovered at the LHC have a mass of the order 
of two to three TeV. 

We then investigated the general conditions for the TC spectrum to feature the isosinglet scalar 
to be identified with the TC Higgs. We used geometric scaling laws, coming from modifying the 
technicolor matter representation, number of technicolors, techniflavors as well as the number of 
doublets gauged under the electroweak theory. Finally we also reviewed the potential effects on 
the TC Higgs properties from walking dynamics and argued that they do not need to be large for 
achieving a phenomenologically viable TC Higgs physical mass once the SM radiative corrections 
are taken into account. 
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